Abstract-DVB-T2 was the first industrial standard deploying rotated and cyclic Q delayed (RCQD)modulation to improve performance over fading channels. This enablesimportantgains compared toconventional quadrature amplitude modulations(QAM) under severe channel conditions.However, the corresponding demodulation complexitystill prevents its use forwider applications. This paper proposes several rotation angles for different QAM constellations anda corresponding low-complexity detection method. Results show that the proposed solution simplifies both the transmitter and the receiver with often betterperformancethan the proposed angles in DVB-T2. Compared with the lowest complexity demappers currently used in DVB-T2, the proposed solution achieves an additional reduction bymore than 60%.
I. INTRODUCTION
HE DVB-T2standard [1] clearly presents improvedperformance when compared to its predecessor -DVB-T [2] over highly attenuated or erased frequency selective channels. This is partly due to the adoption ofthe rotated and cyclic Q delayed (RCQD) quadrature amplitude modulations (QAM) [3] .The idea of the RCQD modulation is to correlate the in-phase (I) and the quadrature (Q) components of the conventional QAM signals by rotation and then to introduce different fading attenuations to I and Q components by distributing these components on different subcarriers.
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constellations such as 64-QAM or 256-QAM, the computational complexity of a 2D-DEM has a non-negligible impact on the receiver design.
The rotation angles of the RCQD modulations of DVB-T2 jointly considered the codes and the modulations, and were selected by applying different criteria as described in [3] , [4] . However, these angles were designed to achieve a compromise between performance over fading channels with and without erasures. They do not aim at consideringthe receiver complexity.
Differently from previous works [3] , [11] - [17] , this paper aims at reducingthe RCQD demapping complexity and proposes a series of rotation angles for different orders of QAM signals with interesting structural properties. Based on these structural properties, a dedicated low-complexity max-log based "sphere-demapper" is designed.Radically different from the sphere-decoders used for MIMO detection [18] , the radius of the proposed "sphere-demapper" implies the exact amount of involved constellation points;it also guaranteesthe soft demapping operation to be successfully performed. Moreover, in the worst case, the proposed sphere-demapper achieves almost the same performance as the full-complexity max-log demapper with operational complexity being much less than the demappers proposed in the literature.
The remainder of the paper is organized as follows.The system model and the soft demapping process are introduced in sectionII. The proposed modulation and demodulation solution is detailed in sectionIII. Simulation results, computational complexity and performance comparisons are given in sectionIV. SectionV concludes the proposal.
II. SYSTEM MODEL

A. Rotated and Cyclic Q Delayed Constellations
A conventional square M -QAM symbol s (where M is an integer) can take values from the following c S set:                                                                                   in (6) can be further expanded as follows: (1) and (2) 
as well asone given value Q z uniquely determines one pair
where I T and Q T are shown as below: (13)) (see Fig.1 for QPSK constellation), one first finds
from (10) (resp. (11)) (seeFig.3), and return z from (9) (see Fig.1 ). At the receiver side, the observations 
and similarly from (13) and (14): 
Note that (17) simplifies the evaluation of the distance metric (and the corresponding soft demappingin (7) , whereas the radius in [18] gives no indication on the number of points involved in the sphere decoding.
Due to the useful property 4, the radius used by the sphere demappingalgorithm is In these simulations, perfect synchronization and channel estimation are assumed, which is different from the practical case [19] , [20] .BERs are obtained with the DVB-T2 LDPC code with length 64800 and rate 4/5 with min-sum decoding applying 25 iterations. Performanceisevaluated over Rayleigh fading channels with and without erasure events as defined in [21] .
A. The New RCQD Solution with rotation angle
  a r c ta n 1 M   Fig.4 and Fig.5 compare the BER performance of the proposed rotation angles with the DVB-T2 rotation angles over the Rayleigh fading channel. It can be observed that the performance of the RCQD with the proposed angle loses 0.05 dB (resp. 0.025 dB) compared with the performance of the RCQD with the DVB-T2 angle for 16-QAM (resp. 64-QAM) signal at a BER = 10 -6 . The negligible performance loss isdue to the fact that the proposed angles are not jointly designed with the LDPC codesfor a maximization of the coding gain. Fig.7 compare the BER performance over fading erasure channel with a 15% erasure rate. It can be easily noticed that the proposed rotation angle outperforms the original DVB-T2 rotation angle by 0.5 dB (resp. 0.75 dB) for 16-QAM (resp. 64-QAM) signal at a BER = 10 -6 . The larger gain of the erasure channel is because the proposed rotation angle maximizes the minimum interval between two consecutive points projected over real and imaginary axis (see property 1). Furthermore, the proposed low-complexity sphere based algorithm achieves the same performance as the max-log algorithm with full complexity. The structural properties of the proposed rotation angle not only introduce a simplified demapping algorithm but also leadto improved robustness of the system. Similar results are observed for other erasure rates. 
B. The Proposed Sphere based Demapping Algorithm
In this part, the proposed sphere based demapping algorithm is compared with other methods in terms of BER and computation complexity, such as the max-log method (see (5) ), the MMSE method [5] , the sub-region method [6] , and the PD-DEM method [10] .
Since the rotation angle of the DVB-T2 RCQD 256-QAM signal satisfies   a rc ta n 1 M   , the proposed demapper can also be applied to this case directly. Fig.8 and Fig.9 display the BER performance of the various algorithms. Among them, the MMSE method has the lowest computation complexity. However, it achieves the worst performance among all the simulated methods; this is due to the fact that the decorrelation based algorithm is not the optimum method (see the last term in (8)) for the RCQD constellations. Since the other simulated algorithms are 2D joint detection based methods, they are always better than the MMSE algorithm (except the PD-DEM method over a fading channel).
The proposed method achieves almost the same performance as the full complexity max-log algorithm.However, it reduces by 88% the number of CPs, 87% the number of RMs, 82% the number of RSs and 87% the number of RCs with respect to the full complexity max-log algorithm and requires 2 additional RIs. Furthermore, compared with the PD-DEM which is the simplest method among all the considered methods, the proposed demapping algorithm introduces a 60% reduction in number of CPs and 64% reduction in number of RMs. 
V. CONCLUSION
This paper proposes a series of rotation angles for different RCQD signals havinginteresting structural properties. Based on these properties, a low-complexity sphere-based max-log demapperis designed. This makes it particularly suited for a hardware implementation. In addition, the proposed solution improves the robustness of the current DVB-T2 system. Due to all these features, this workenables a wider application for the RCQD QAM constellations. 
